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, $l$ $c$ xl
$\mathrm{x}\iota=[x_{l1},$ $x_{l2},$ $\cdots,$
$x\iota c_{\mathit{1}}^{1^{\mathrm{T}}}\in\Re^{C}$ . , $j$ $w_{lj}$
$\mathrm{w}\downarrow=[w_{l1}, w_{l2}, \cdots, w_{lK}]^{\mathrm{T}}\in\Re^{K}$. AHP . ,
$\sum_{k=1}^{K}w_{lk}=1(\forall l)$ (1)
. , $j$ $w_{lj}$ AHP ,




$l$ $\mathrm{x}_{l}$ , $\max_{c}x\iota_{\mathrm{C}}$ $p(y_{l\mathrm{c}}^{*}=1)=1$ , $p(y_{lc’}^{*}=1)=0(c’\neq c)$ ,
$\mathrm{y}_{l}^{*}=\mathrm{b}(y_{l1}^{*}=1),$ $p(y_{l2}^{*}=1),$ $\cdots,p(y_{lC}^{*}=1)]^{\mathrm{T}}\in\Re^{C}$ . , $y_{lc}^{*}=\{0,1\}$ ,
$\sum_{\mathrm{c}=1}^{C}y_{l\mathrm{c}}^{*}=1(\forall l)$ (2)
. .
, , 2 .
2
,
$y_{ck}^{l}=F(u_{ck}^{l}$ } $+\epsilon_{ck}^{l}$ (3)
, $y_{\mathrm{c}k}^{l}=\{0,1\},$ $\epsilon_{\mathrm{c}k}^{l}\in N(0, \sigma_{\mathrm{c}k}^{l})$ ,
$F(u_{\mathrm{c}k}^{l})= \int_{-\infty}^{u_{\mathrm{c}k}^{l}}\frac{1}{\sqrt{2\pi}\sigma_{\mathrm{c}k}^{l}}\exp\{-\frac{1}{2}(\frac{x-y_{lc}}{\sigma_{\mathrm{c}k}^{l}})^{2}\}dx\equiv$
$\int_{-\infty}^{u_{ck}^{f}}f(x)dx$ (4)
. , $f(x)=N(y_{l\text{ }}, \sigma_{ck}^{l})$ .
$u_{\mathrm{c}k}^{l}= \sum_{i=0}^{C}\beta_{cki}^{l}x_{li}=\beta_{ck}^{l\mathrm{T}}\mathrm{x}_{l}’$ (5)
. , $\mathrm{x}_{l}’=[x_{l0}’, x_{l1}’, \cdots, x_{lC}’]^{\mathrm{T}}\in\Re^{C+1}$ , $x_{l0}’=1,$ $x_{l\mathrm{c}}’=x_{lc}(c=1,2, \cdots C))$





$y_{ck}^{l}=0$ $arrow$ $u_{ck}^{l}<\epsilon_{\mathrm{c}k}^{l}$ (7)
,
$p(y_{\mathrm{c}k}^{l}=1)=p(u_{ck}^{l}\geq\epsilon_{\mathrm{c}k}^{l})=F(u_{ck}^{l})$ (S)
. , $u_{ck}^{l}$ 1 $p(y_{ck}^{l}=1)$
$\frac{\partial p(y_{ck}^{l}--1|u_{ck}^{l},\sigma_{\mathrm{c}k}^{l})}{\partial u_{ck}^{l}}=f(u_{ck}^{l})\equiv p_{k}(y_{l\mathrm{c}}|u_{ck}^{l}, \sigma_{ck}^{l})$ (9)
.
, $\mathrm{x}_{l}$ $\fbox_{0}\ovalbox{\tt\small REJECT}$. $k$ \not\in P$=\backslash \not\in\backslash \mathrm{i}_{-}\geqq$ $p_{k}(\mathrm{x}_{l}|\mathrm{m}_{k}^{x}, \mathrm{C}_{k}^{x})=Nc(\mathrm{x}\iota, \phi_{k}^{x})$
,
$N_{C}( \mathrm{x}_{l}, \phi_{k}^{x})=\frac{1}{(2\pi)^{C/2}||\mathrm{C}_{k}^{x}||^{1/2}}\exp\{-\frac{1}{2}(\mathrm{x}_{l}-\mathrm{m}_{k}^{x})^{\mathrm{T}}\mathrm{C}_{k}^{x^{-1}}(\mathrm{x}_{l}-\mathrm{m}_{k}^{x})\}$ (10)
. , $\phi_{k}^{x}=\{\mathrm{m}_{k}^{x}, \mathrm{C}_{k}^{x}\}$ $\mathrm{I}|\dashv|$ \dagger .
$\mathrm{y}_{l}^{*}$ $\mathrm{x}_{l}$ . ,
$c$ yl $p(y_{l\mathrm{c}})$ , $k$ $u_{\mathrm{c}k}^{l}$ 1
$p(y_{ck}^{l}=1)$
$p(y_{lc})= \sum_{k=1}^{K}\frac{w_{lk}p_{k}(\mathrm{x}_{l}|\mathrm{m}_{k}^{x},\mathrm{C}_{k}^{x})}{\sum_{i=1}^{K}w_{li}p_{i}(\mathrm{x}\iota|\mathrm{m}_{\mathrm{i}\prime}^{x}\mathrm{C}_{i}^{x})}p_{k}(y_{l\text{ }}|u_{\mathrm{c}k}^{l},\sigma_{ck}^{l})$ (11)
. , $y_{l\text{ }}=\{0,1\}$ ,
$\overline{y}\iota_{\text{ }}\equiv \mathrm{E}[y_{l\mathrm{c}}]=\sum_{k=1}^{K}\frac{w_{lk}p_{k}(\mathrm{x}_{l}|\mathrm{m}_{k}^{x},\mathrm{C}_{k}^{x})}{\sum_{i=1}^{K}w_{li}p_{i}(\mathrm{x}\iota|\mathrm{m}_{i}^{x},\mathrm{C}_{i}^{x})}u_{\text{ }k}^{l}$ (12)
88
p(ylc=l . $\overline{y}\mathrm{x}_{\text{ }}$ $(\equiv p(y_{Ic}=1))$ ,
.
, $l$ $\mathrm{w}_{l}$ , $p_{k}(\mathrm{x}\iota|\mathrm{m}_{k}^{x}, \mathrm{C}_{k}^{x})(k=1,2, \cdots, K)$ , $\mathrm{u}lk=[u_{1k}^{l},$ $u_{2k}^{l}$ ,
$\ldots,$
$u_{Ck}^{l}]^{\mathrm{T}}\in\Re^{C}$ $c$ , $\mathrm{y}_{l}^{*}$ , $\mathrm{y}_{l}^{*}=\mathrm{y}\mathrm{g}$ $(\equiv$
$[y-$ $\overline{y}_{l2}, \cdots 7\overline{y}_{lC}]^{\mathrm{T}}\in\Re^{C}$ ) $\mathrm{w}_{l},$ $\phi_{k}^{x}$ $\beta_{ck}^{l}$ 9
3.
, .
, $l$ $c$ x2 &
$\mathrm{y}\iota$ , $\mathrm{z}_{l}=[\mathrm{x}_{l}^{\mathrm{T}}, \mathrm{y}_{l}^{\mathrm{T}}]^{\mathrm{T}}\in\Re^{d}\text{ }$ . , $d=C+C$ .
$K$ $k(k=1,2, \cdots, K)$ $\phi_{k}$ $w_{k}$ . $\phi_{k}$
$\{\mathrm{m}_{k}, \Sigma_{h}\}$ . $\mathrm{m}_{k}=[m_{k}^{1}, m_{k}^{2}, \cdots, m_{k}^{d}]^{\mathrm{T}}\in\Re^{d}$ , $\Sigma_{k}$ $\mathrm{i}j$ $\sigma_{k}^{ij}$ $d$ )$\mathrm{e}d$
. $\mathrm{m}_{k}$ $\mathrm{x}_{l}$ $\mathrm{m}_{k}^{x}\in\Re^{C}$ $\mathrm{y}_{l}$
$\mathrm{m}_{k}^{y}\in\Re^{C}$
$\mathrm{m}_{k}=[\mathrm{m}_{k}^{\mathrm{z}^{\mathrm{T}}}, \mathrm{m}_{k}^{y^{\mathrm{T}}}]^{\mathrm{T}}$ (13)
, $\Sigma_{k}$ $\mathrm{x}l$ $\mathrm{y}\iota$ $\mathrm{c}_{k}^{x}\in\Re^{C}\mathrm{x}\Re^{C}$ $\mathrm{c}_{k}^{y}\in\Re^{C}\mathrm{x}\Re^{C}$ , $\mathrm{X}l$ y2
$\mathrm{c}_{k}^{xy}\in\Re^{C}\mathrm{x}\Re^{C},$ $\mathrm{C}_{k}^{yx}\in\Re^{C}\mathrm{x}\Re^{C}$
$\Sigma_{k}=[\mathrm{C}_{k}^{y\mathrm{z}}\mathrm{C}_{k}^{x}$ $\mathrm{c}_{k}^{xy}\mathrm{c}_{k}^{y}]$ (14)
. , $l$ , $l$ ,
. $\mathrm{w}$ $\{w_{1}, w_{2}, \cdots, w_{K}\},$ $\phi$ $\{\phi_{1}, \phi_{2}, \cdots, \phi_{K}\}$ , $\theta$ $\{\mathrm{w}, \phi\}$
.
$l$ $c$





. , $\mathrm{c}_{k}^{x^{-1}}$ $\mathrm{c}_{k}^{x}$ . , $\beta_{cki}^{l}(i=0,1, \cdots, C)$
$\beta_{ck0}^{l}=m_{ki}^{y}-\sum_{i=1}^{C}D_{kci}^{y}m_{kx}^{x}$. (17)
$\beta_{cki}^{l}=D_{k\mathrm{c}i}^{y}$ $(i=1,2, \cdots, C)$ (18)




$\mathrm{u}_{lk}=\oint_{\Re C}\mathrm{y}_{l}p(\mathrm{Y}_{l}|\mathrm{X}_{l}, \phi_{k})d\mathrm{y}_{l}=\mathrm{E}_{k}[\mathrm{Y}_{l}|\mathrm{X}_{l}]$ (19)
. , $\mathrm{E}_{k}[\mathrm{Y}_{l}|\mathrm{X}\iota]$ $k$ $\mathrm{Y}_{l}$ $\mathrm{X}\iota$




$\sigma_{\text{ }k}^{l}=C_{k\text{ }c}^{y’}$ (21)
. , C\kappa c $\mathrm{c}_{k}^{y^{\mathit{1}}}$ $c$ $c$ .
, $k$ $\mathrm{Z}\iota$ $\mathrm{m}_{k}$ , $\Sigma_{k}$
$p_{k}(\mathrm{Z}_{l}|\phi_{k})=N_{d}(\mathrm{Z}_{l}, \phi_{k})$ (22)
, $w_{lk}=p_{l}(k)$ ,
$p( \mathrm{Z}_{l}|\theta)=\sum_{k=1}^{K}w_{k}N_{d}(\mathrm{Z}_{l}, \phi_{k})$ (23)
88
.
, $l$ $c$ $\mathrm{y}\iota$ $\mathrm{Y}\iota$ X2
. , $\mathrm{Z}\iota$ , $\theta$
Expectation Maximization( , $\mathrm{E}\mathrm{M}$ ) [5] .
, $\theta$ $\hat{\theta}$
$L( \hat{\theta})=\sum_{s=1}^{\mathrm{S}}\log p(\mathrm{Z}_{l\mathrm{s}}|\hat{\theta})$ (24)
.
$\hat{\theta}$









1 $(S=1)$ , ,








$\mathrm{y}_{l}^{*}$ , $r_{\mathrm{c}}^{*}= \sum_{l=1}^{L}y_{lc}^{*}$ ,
$q_{\mathrm{c}}^{*}= \frac{r_{\mathrm{c}}^{*}}{\sum_{i=1}^{C}r_{i}^{*}}=\frac{r_{c}^{*}}{L}$
(30)




. yi*c=ll rc*=r . ,
, yl*c\neq y-l $r\text{ }*\neq r$ . , , $q_{c}^{*}$
, . , \leq
\mbox{\boldmath $\xi$}1
$E= \frac{1}{2}\sum_{l=1}^{L}\{\sum_{\mathrm{c}=1}^{C}(r_{c}^{*}-r_{c})\xi_{lc}\}^{2}$ (32)
, r . \mbox{\boldmath $\xi$}J y-l .










$=- \epsilon\sum_{c=1}^{C}r_{\mathrm{c}}(\alpha_{\text{ }}-\sum_{i=1}^{C}\gamma_{\mathrm{c}i}r_{i})^{2}\leq 0$ (36)
. , r \Delta T , $r_{c}=r_{\mathrm{c}}^{*}\hslash^{\grave{\grave{1}}}$ .
, $r_{c}$ $\Delta r_{c}$ Lotka-Volterra , $\eta_{l}$ , $\xi_{lc}$ , \gamma c\sim $c$
$J^{\backslash }i$ . , , r
.
$r_{c}+ \Delta r_{c}=\sum_{l=1}^{L}\overline{y}_{lc}+\Delta r_{c}=\sum_{t=1}^{L}(\overline{y}_{lc}+\frac{\Delta r_{c}}{L})\equiv\sum_{l=1}^{L}y_{lc}^{\prime*}$ (37)
, , ,
$y_{l\mathrm{c}}^{\prime*}$ , .
Step 1 $\triangleright\backslash$ , $(c=1,2, \cdots, C)$ $\mathrm{x}\iota(l=1,2, \cdots, L)$ .
Step 2 $\mathrm{x}\iota$ , $\max_{c}$ xl $p(y_{lc}^{*}=1)=1$ , $p(y_{l\text{ ^{}\prime}}^{*}=1)=0$. ( $c’\neq c\rangle$ ,
$\mathrm{y}_{l}^{*}$ .
Step 3 $\mathrm{y}f$ $\mathrm{y}_{l}^{*}$ , $\theta$ .
2 $\mathrm{y}_{l}^{l*}\neq \mathrm{y}_{l}^{*}$ , SteP 5 $\theta’$
)
Step 4 , $q_{\mathrm{c}}^{*}$
$y_{lc}^{\prime*}$ .
Step 5 , $\mathrm{y}\iota$ $y_{l\mathrm{c}}^{J*}$ , $\theta’$ .
Step 6 $\Delta \mathrm{m}_{k}^{x}=\mathrm{m}_{k}^{\mathit{1}x}-\mathrm{m}_{k}^{x}$ l) $\mathrm{x}_{l}’=\mathrm{x}_{l}+\Delta \mathrm{m}_{k}^{x}$ ,
$\mathrm{x}_{l}’$ .
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